INTRODUCTION
The Internal Medicine In-Training Exam (IM-ITE), given annually in October, is a validated examination that assesses internal medicine resident knowledge acquisition during training. 1 The IM-ITE is targeted at the second post-graduate year (PGY-2) residents but is available to those in all levels of training. Individuals receive two scores, percent correct and a percentile score comparing their performance to that of peers nationally. In addition to scores, the individual report also contains an outline of deficiencies to guide further study. An individual's performance on the IM-ITE correlates with performance on the American Board of Internal Medicine-Certifying Exam (ABIM-CE). [2] [3] [4] [5] Performance on standardized testing also correlates with the quality of care provided in several domains. [6] [7] [8] Residency program directors receive feedback from the IM-ITE regarding their program's performance in comparison to programs across the country. 1 Programs often use the IM-ITE to counsel trainees, create individual remediation plans, and change programmatic curricular emphasis. Similar to national trends, University of Cincinnati categorical residents improve their annual percent correct scores as they advanced through the program. 9 However, despite the increase in percent correct, IM-ITE scores for University of Cincinnati categorical residents have declined in percentile rank compared to national scores as trainees progressed from PGY-1 to the PGY-3 level. The judgment of the University of Cincinnati's Internal Medicine Graduate Medical Education Committee was that this decline in percentile illustrated a deficit in medical knowledge acquisition and a weakness in our curriculum, and may have left our residents at a competitive disadvantage nationally not only in successful ABIM certification but also in clinical competence. 8 Deliberate educational interventions have been shown to improve medical knowledge acquisition and ITE scores in internal medicine and surgical residents. [10] [11] [12] We designed a rotation specific multiple-choice testing program and a separate board review testing program administered during twelve consecutive months of ambulatory and inpatient elective experience with the intent of improving medical knowledge acquisition. The purpose of this study was to determine the association between these educational interventions and IM-ITE percentile scores in third post-graduate year (PGY-3) categorical residents.
METHODS

Setting
The University Hospital/University of Cincinnati internal medicine residency is one of the 17 initial sites chosen to participate in the Residency Review Committee for Internal Medicine's Educational Innovation Project (EIP) in July 2006. This recognition allowed us to create innovative ways to train physicians without the need to adhere to many of the traditional guidelines of the Accreditation Council of Graduate Medical Education (ACGME). 13 The main focus of our EIP has been the creation of the long-block. 14 The long-block is 12
consecutive months of residency (November of the PGY-2 year through October of the PGY-3 year) consisting of ambulatory care, inpatient and outpatient electives, and research experiences with minimal overnight call. Each elective experience has a defined set of goals and objectives created by the internal medicine key education faculty and the subspecialty specific educational coordinators.
Educational Interventions
For each elective rotation during the long-block, we developed pre-and post-rotation multiple choice tests using examinations of 30-50 questions each. We created the exams from the American College of Physician's Medical Knowledge Self Assessment Program (MKSAP)® 12 and 13. We chose questions based on the previously defined set of goals and objectives for each rotation. Topics included cardiology, gastroenterology, hepatology, nephrology, hematology-oncology, endocrinology, pulmonary medicine and rheumatology. Residents took the pre-test during the first week of their rotation and received confidential feedback regarding their performance shortly thereafter. The residents were encouraged to discuss areas of weakness with their elective rotation attending to create a personalized learning plan for the month. During the last week of the rotation, each resident received and completed a posttest that used different questions than the pretest, but covered similar curricular areas. We then asked residents to reflect on progress made during the elective rotation, and to create further study plans for persistently deficient areas. Additionally, in collaboration with the American Board of Internal Medicine (ABIM), we created six additional, 60 question multiple-choice examinations based upon the selfassessment (Self Evaluation Program-SEP) modules in the Maintenance of Certification (MOC) program. These questions were not originally designed as preparation for the certification exam, but rather to improve knowledge and encourage learners to investigate items about which they had questions. Each test comprised of questions taken from the ABIM selfassessment SEP question bank and pertained to the internal medicine subspecialties above as well as infectious disease and general internal medicine topics. We administered these modules as closed-book examinations at two-month intervals in a proctored environment with a two-hour time limit for completion. The tests were again graded confidentially and the answers were returned to the trainees during a two-hour learner driven debriefing discussion the following week. The debriefing sessions were used to address gaps in knowledge and multiple-choice test taking strategies, and to give advice regarding timing and pace.
Both the pre-and post-rotation multiple choice tests and the scores on the ABIM preparatory exams were tracked over time and used for formative and summative feedback as part of a larger long-block multisource evaluation. 15 Residents identified by the program administration as being deficient in medical knowledge were required to meet with the administration to develop a personalized learning plan. These plans varied based on learning styles but included scheduled text reading and review, review of exams and test taking skill, peer guided study groups and introduction to alternate learning methods such as video and audio taped reviews. Residents met with administration at least quarterly but had the opportunity to meet more often. The long-block and entire testing program occurred between the administration of the PGY-2 and PGY-3 IM-ITE.
Participants
The study group consisted of categorical residents in the first two classes to complete the long-block experience (classes of 2008 and 2009). This group was exposed to the pre-and postrotation multiple-choice tests, the ABIM preparatory exams, the 12-month long-block experience, the IM-ITE itself and personalized learning plans as needed. The control group consisted of the categorical residents in the three resident classes that preceded the initiation of the long-block and the testing program (classes of 2005 through 2007). This group was exposed only to the IM-ITE and personalized learning plans as needed. The study was granted exemption by the University of Cincinnati IRB.
Statistical Analysis
We used descriptive statistics, including means and medians, to summarize the data. To characterize our sample, comparisons between the study group and control group were made using the t-test and Chi-square test where appropriate. We calculated the individual change in both percent correct score and national percentile score between the PGY-1 and PGY-2 testing opportunities and between the PGY-2 and PGY-3 testing opportunities in both the control and study cohorts. To compare changes between the PGY-1 and PGY-2 testing opportunities and between the PGY-2 and PGY-3 testing opportunities both within and between the study and control cohorts, we used the Wilcoxon signed-rank test for both the percent correct score and national percentile score. For our main outcome measure, assessing the effectiveness of the testing program administered during the twelve month long-block experience, we compared the change in the IM-ITE percentile from the PGY-2 to the PGY-3 years between the study and control cohorts using the Wilcoxon rank-sum test. SAS version 9.2 (Cary, NC) was used for all analyses.
RESULTS
We included all 45 post-intervention residents in the study group and all 59 residents from the preceding three years as controls in the final analysis. Each categorical resident was given the opportunity to take the IM-ITE during October in each year of training (Table 1) . When included as a covariate in the analysis, prior USMLE scores did not significantly affect the results.
Neither the three residency classes of the control group nor the two residency classes of the study group were exposed to the long-block and its testing program before the administration of the PGY-2 IM-ITE.
The control cohort showed an improvement in median individual percent correct of six points when comparing the raw score results of the PGY-1 IM-ITE and the PGY-2 IM-ITE (p< 0.01) and 5 points when comparing the raw score results of the PGY-2 IM-ITE and the PGY-3 IM-ITE (p<0.01). Similarly, the study cohort showed an improvement in median individual percent correct of 5 points when comparing the raw score results of PGY-1 IM-ITE and the PGY-2 IM-ITE (p<0.01) and of six points when comparing the raw score results of the PGY-2 IM-ITE and PGY-3 IM-ITE (p<0.01). There were no significant differences between the study and control cohort with respect to change in percent correct (Fig. 1) .
Despite the increase in percent correct, the control group demonstrated a decline in median individual percentile rank of 5.5 percentile points (p=0.02) and the study group demonstrated a decline in median individual percentile rank of 3.0 percentile points (p=0.01) when comparing the results of their PGY-1 IM-ITE to the results of their PGY-2 IM-ITE (Fig. 2) .
The control group demonstrated an insignificant increase in median individual percentile rank of 1.0 percentile point (p= 0.58) when comparing the results of the PGY-2 IM-ITE to the results of the PGY-3 IM-ITE (Fig. 2) .
After exposure to the long-block and its testing program, the study group demonstrated an increase in median individual percentile rank of 8.5 percentile points (p<0.01) when comparing results of the PGY-2 IM-ITE to the results of the PGY-3 IM-ITE (Fig. 2) .
Comparing study group to control regarding the median individual change in performance on the PGY-3 IM-ITE there was statistically significant improvement of 7.5 percentile points by the study group (p=0.01).
DISCUSSION
We designed a rotation-based testing and board review program as part of our newly implemented twelve-month long-block. Our Figure 1 . Change in Median Individual ITE Percent Correct. Both control and study cohort demonstrate improvement in raw scores between the PGY-1 and PGY-2 exams and the PGY-2 and PGY3 exams (p<0.01, Wilcoxon signed-rank test). There were no significant differences between the study and control cohorts using the Wilcoxon rank-sum test.
goal was to improve medical knowledge acquisition in our categorical residents. Before the testing intervention we had seen a decline in our average individual percentiles when compared year to year despite increasing absolute scores. Our cumulative three-year ABIM-CE pass rates were consistently in the 25th to 50th percentile nationally. We postulated that this decline in IM-ITE percentile and our suboptimal ABIM-CE pass rate was due in part to exposure to only a narrow variety of inpatient diagnoses seen in our traditional residency program thereby producing residents who lacked breadth in knowledge of internal medicine. We chose improvement on the IM-ITE as the measure of our success as the IM-ITE's reliability allows residents and programs across the country to measure individual improvement from year to year. 5 Although the IM-ITE changes somewhat from year to year and comparing non-concurrent cohorts is imperfect, there is substantial similarity in the testing cohorts as 92% of internal medicine residents participate in the IM-ITE annually. 5 During our study period alone there were two changes in the administration of the examination. In 2003 the total number of questions decreased from 360 to 340 and in 2008 the time to take the test expanded from 7 to 8 hours. However, analysis of annual results undertaken by the administrators of the examination demonstrated no change in the year-to-year reliability of the IM-ITE despite these changes (S. McKinney, personal communication 2011). Additionally, the changes in number of questions and length of testing time may affect the percent correct scores but they should not affect percentile rank data as the entire national cohort is exposed to such changes. We chose to use change in individual percentile to normalize the scores to the national cohort and to allow for annual differences in test characteristics. Our study documents that exposure to a testing program based on a broad spectrum of inpatient and outpatient internal medicine topics during a 12-month continuous long-block elective experience is associated with improvement in participants' IM-ITE percentile rank. Although our study design does not allow us to prove direct causality, or determine the relative contributions of test taking skills, medical knowledge acquisition and elective experiences, we postulate the improvement in IM-ITE scores is due to several factors. We believe exposure to a broad range of medical information in a structured learning environment provided the feedback and tools necessary for individual improvement in medical knowledge. Additionally our Figure 2 . Change in Median Individual ITE Percentile Before and After PGY2 Testing Program Institution. The control cohort demonstrates a decline in IM-ITE percentile scores between the first and second postgraduate years (*p=0.02) and did not change between the second and third postgraduate years (p=0.56). Before exposure to the testing program, the study cohort demonstrates a decline in IM-ITE percentile scores between the first and second postgraduate years ( †p=0.01). After exposure to the testing program, the study cohort demonstrates an increase in IM-ITE percentile scores between the second and third postgraduate years ( ‡p<0.01). All comparisons were made using the Wilcoxon signed-rank test. higher achievement on standardized tests in internal medicine predicts higher quality in diabetes care, malignancy screening and myocardial infarction therapy. 6, 7 The historical "Gold
Standard" cut point for predicting passage of the ABIM-CE with a positive predictive value (PPV) of 89% is the 35th percentile on the PGY-2 IM-ITE. 2 A more recent study showed that a PGY-3 resident scoring in the 21st percentile on the IM-ITE predicts passing the ABIM-CE with a PPV of 97%. 5 The improvement in scores demonstrated by our residents may ensure that they surpass such predictive cut-points. Several limitations are inherent to our study. First, we are an EIP program and have dedicated an entire 12-month block to inpatient and outpatient elective experience allowing for emphasis on personal and professional improvement. This type of concentrated effort may not be possible in a traditional residency program. However, elements of our program, such as preand post-rotation testing are exportable to any program. Second, the study only addresses the competences of medical knowledge and patient care. Other programs may be interested in addressing more than these two competencies when adopting new programs. Third, the self-assessment SEP modules in the ABIM-MOC program were not originally designed for preparation for the certification exam. However, we used them as designed to improve knowledge and encourage learners to investigate items about which they had questions during our post-exam debriefing sessions. Finally we did not control for conference attendance or UpToDate® utilization, both found, in prior analyses, to be predictors of improved IM-ITE scores. 11, 12 Any effect on our results should be minimal as access to these resources has been present for a number of years and was neither changed nor limited during the study period.
CONCLUSION
We believe that a comprehensive multiple-choice testing program aimed at PGY-2 residents during our long-block is associated with improved PGY-3 IM-ITE performance. Further research will be needed to demonstrate the relative contribution of test taking skills, medical knowledge acquisition and elective experiences on this outcome, and to determine if this improved performance translates into higher ABIM-CE scores and better long-term clinical performance. Future study and inclusion of other residency sites with a focus on impact on clinical performance may enhance the program's generalizability.
